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ALLOCATION OF PROCESSOR RESOURCES
IN AN EMULATED COMPUTING
ENVIRONMENT

REFERENCE TO RELATED APPLICATTONS

This application 1s a continuation application and claims
priority to U.S. application Ser. No. 10/274,509, filed Oct. 18,

2002 now U.S. Pat. No. 7,136,800, entitled “Allocation of
Processor Resources in an Emulated Computing Environ-
ment,” which 1s incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates in general to the field of
computer system emulation and, more particularly, to a

method for allocating processor resources m an emulated
computing environment.

BACKGROUND OF THE INVENTION

Computers include general purpose central processing
units (CPUs) that are designed to execute a specific set of
system 1nstructions. A group of processors that have similar
architecture or design specifications may be considered to be
members of the same processor family. Examples of current
processor families include the Motorola 680X0 processor
family, manufactured by Motorola, Inc. of Phoenix, Ariz.; the
Intel 80X86 processor family, manufactured by Intel Corpo-
ration of Sunnyvale, Calif.; and the PowerPC processor fam-
1ly, which 1s manufactured by Motorola, Inc. and used 1n
computers manufactured by Apple Computer, Inc. of Cuper-
tino, Calif. Although a group of processors may be inthe same
family because of their similar architecture and design con-
siderations, processors may vary widely within a family
according to their clock speed and other performance param-
eters.

Each family of microprocessors executes instructions that
are unique to the processor family. The collective set of
instructions that a processor or family of processors can
execute 1s known as the processor’s instruction set. As an
example, the mstruction set used by the Intel 80X86 proces-
sor family 1s incompatible with the instruction set used by the
PowerPC processor family. The Intel 80X86 instruction set 1s
based on the Complex Instruction Set Computer (CISC) for-
mat. The Motorola PowerPC 1instruction set 1s based on the
Reduced Instruction Set Computer (RISC) format. CISC pro-
cessors use a large number of 1nstructions, some of which can
perform rather complicated functions, but which require gen-
erally many clock cycles to execute. RISC processors use a
smaller number of available instructions to perform a simpler
set of functions that are executed at a much higher rate.

The uniqueness of the processor family among computer
systems also typically results 1n incompatibility among the
other elements of hardware architecture of the computer sys-
tems. A computer system manufactured with a processor
from the Intel 80X86 processor family will have a hardware
architecture that 1s different from the hardware architecture of
a computer system manufactured with a processor from the
PowerPC processor family. Because of the uniqueness of the
processor 1struction set and a computer system’s hardware
architecture, application soltware programs are typically
written to run on a particular computer system running a
particular operating system.

A computer manufacturer will seek to maximize 1ts market
share by having more rather than fewer applications run on
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the microprocessor family associated with the computer
manufacturer’s product line. To expand the number of oper-
ating systems and application programs that can run on a
computer system, a field of technology has developed 1n
which a given computer having one type of CPU, called a
host, will include an emulation program that allows the host
computer to emulate the 1nstructions of an unrelated type of
CPU, called a guest. Thus, the host computer will execute an
application that will cause one or more host instructions to be
called 1n response to a given guest instruction. Thus, the host
computer can both run software designed for 1ts own hard-
ware architecture and software written for computers having
an unrelated hardware architecture. As a more specific
example, a computer system manufactured by Apple Com-
puter, for example, may run operating systems and programs
written for PC-based computer systems. It may also be pos-
sible to use an emulated program to operate concurrently on
a single CPU multiple incompatible operating systems. In this
arrangement, although each operating system 1s incompatible
with the other, an emulation program can host one of the two
operating systems, allowing the otherwise incompatible oper-
ating systems to run concurrently on the same computer sys-
tem.

When a guest computer system 1s emulated on a host com-
puter system, the guest computer system 1s said to be a virtual
machine, as the guest computer system exists only as a soft-
ware representation of the operation of the hardware archi-
tecture of the emulated guest computer system. The terms
emulator and virtual machine are sometimes used inter-
changeably to denote the ability to mimic or emulate the
hardware architecture of an entire computer system. As an
example, the Virtual PC software created by Connectix Cor-
poration of San Mateo, Calif. emulates an entire computer
that includes an Intel 80X86 Pentium processor and various
motherboard components and cards. The operation of these
components 1s emulated 1n the virtual machine that i1s being
run on the host machine. An emulation program executing on
the operating system soltware and hardware architecture of
the host computer, such as a computer system having a Pow-
erPC processor, mimics the operation of the entire guest
computer system. The emulation program acts as the inter-
change between the hardware architecture of the host
machine and the instructions transmitted by the software
running within the emulated environment. The emulation
program 1s sometimes referred to as a virtual machine moni-
tor.

Multiple virtual machines can be established on a single
host machine. In this scenario, a host machine of a certain
processor family may host several virtual machines of the
same processor family. In this computing environment, each
virtual machine operates as its own stand-alone computer
system, allowing a user to install separate operating systems
or multiple instances of a single operating system on one or
more of the virtual machines. Because each virtual machine 1s
independent of all other virtual machines and the host
machine, software running within one virtual machine has no
eifect on the operation of any other virtual machines or the
underlying host machine. An emulated computing environ-
ment can therefore support a number of operating systems,
including an array of related operating systems or multiple,
concurrent instances of the same operating system, on a
single host computer system.

In this emulated computing environment, a user may run
multiple virtualized computer systems on a single physical
computer system, eliminating the need for multiple hardware
systems to support multiple computer systems. As an alter-
native to purchasing and configuring an additional physical
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computer system, an additional virtual machine may be estab-
lished on an existing computer system. Running multiple,

independent virtual machines on a single physical host
machine provides, among other benefits, the ability to test
soltware applications across multiple computing environ-
ments and support legacy software applications or operating,
systems. Running multiple virtual machines on a single host
machine also results 1n a cost savings 1n that the number of
physical machines and their corresponding maintenance
costs are reduced. Running multiple virtual machines on a
single host machines also provides the benefit of operating
system and application soitware 1solation. Because each vir-
tual machine 1s operationally 1solated from the host operating
system and every other virtual machine, an operational failure
or hang in the operating system or application software of one
virtual machine will not effect the operational status of
another virtual machine. Because of the operational 1solation
of each virtual machine, the activities of an enterprise may be
consolidated in each of the virtual machines. For example, a
database application may be located in one of the virtual
machines, and an e-mail server may be located 1n another.

When multiple virtual machines are operating on a single
host machine, the resources of the host machine are divided
among the virtual machines on an as-needed or demand basis.
As an example, 1t four virtual machines were running on a
single host machine, the four virtual machines would share
the resources of the host processor. A difficulty of operating
multiple virtual machines 1s managing the access of each
virtual machine to the resources of the host processor. If each
virtual machine 1s provided equal access to the host processor,
1.e. each virtual machine has the same execution priority,
virtual machines having more important functions will have
to share access on a time division basis with virtual machines
having less important functions. Applying a priority to a
virtual machine 1s also problematic. If a higher priority virtual
machine becomes compute bound, the operation of all lower
priority virtual machines 1s effectively halted.

SUMMARY OF THE INVENTION

The present invention concerns a system and method for
allocating the resources of a host computer system, including
the processor resources of the host computer system, among,
one or more virtual machines resident on the host computer
system. The allocation of resources may be accomplished
according to a proportional weight assigned to each virtual
machine. A calculation of the share of resources 1s made for
cach virtual machine on the basis of the relative proportional
weights of all virtual machines of the computer system. The
allocation of processor resources may also be accomplished
by reserving to certain critical virtual machines a minimum
fraction of processor resources.

As another alternative for assigning host computer system
resources among the virtual machines of a computer system,
cach virtual machine 1s assigned a proportional weight. The
share of resources 1s then calculated for each virtual machine
on the basis of the relative proportional weights of all virtual
machines of the computer system. For those virtual machines
having a reserved minimum fraction of resources, the calcu-
lated share of resources 1s compared to the reserved minimum
fraction of resources. If the reserved minimum {raction of
resources 1s greater than the calculated share of resources, the
virtual machine 1s assigned as its share of resources its
reserved minimum fraction of resources. The remaining pro-
cessor resources are then shared on a proportional basis by
those virtual machines not having been assigned its reserved
mimmum share of processor resources. A scheduler 1n an
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emulation program manages the allocation ol processor
resources and manages the execution threads of the virtual
machines to meet the resource utilization goals and require-
ments of each virtual machine.

The resource allocation method disclosed herein 1s advan-
tageous 1n that 1t provides a methodology for managing the
access ol multiple virtual machines to the resources of the
host computer system. Because resources of the host com-
puter system are managed for the sake of the individual needs
of each virtual machine and for the sake of the needs of all the
virtual machines of the computer system, a system 1s pro-
vided in which multiple virtual machines imnstances may oper-
ate on a single host computer system. Another advantage of
the resource allocation method disclosed herein 1s the method
provides for the allocation of resources to those virtual
machines that must have a minimum level of processor
resources. Because a minimum level of processor resources
may be specified for certain virtual machines of the computer
system, these virtual machines are assured of some access to
processor resources even ii the other virtual machines of the
computer system become compute bound. Another advan-
tage ol the resource allocation method nvention 1s a tech-
nique for modulating among the competing execution threads
of the virtual machines. The modulation technique described
herein provides a method for enforcing a maximum alloca-
tion of resources as well as a technique for enforcing utiliza-
tion goals and allocation requirements among the virtual
machines.

Other technical advantages of the present invention will be
readily apparent to one skilled 1n the art from the following
figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
and advantages thereol may be acquired by referring to the
following description taken 1n conjunction with the accom-
panying drawings, in which like reference numbers indicate
like features, and wherein:

FIG. 11s a diagram of the logical layers of the hardware and
soltware architecture for an emulated operating environment
in a computer system;

FIG. 2 1s a diagram of the logical layers of the hardware and
Software architecture of a computer system that includes
multiple virtual machines; and

FIG. 3 1s a flow diagram of the method of assigning access
processor resources according to a guaranteed proportional
capacity scheduling policy.

(Ll

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

The present invention provides a system and method for the
allocation of processor resources among the virtual machines
of the computer system. Shown 1n FIG. 1 1s an example of the
logical layers of the hardware and sotftware architecture for an
emulated operating environment in a computer system, which
1s indicated generally at 10. An emulation program 14 runs on
a host operating system that executes on the host computer
system hardware or processor 11. Emulation program 14
emulates a guest computer system 16, which includes a guest
operating system 18. Guest application programs are able to
execute on guest operating system 18. In the emulated oper-
ating environment of FIG. 1, because of the operation of
emulation program 14, guest application 20 can run on the
computer system 10 even though guest application 20 may be
designed to run on an operating system that 1s generally
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incompatible with host operating system 12 and host com-
puter system hardware 11. As an alternative, guest operating,
system 20 may be the same as or a variation of host operating
system 12. In the architecture of FIG. 1, guest computer
system 16 operates as a virtual machine that runs indepen-
dently of the host operating system 12 and the host computer
system hardware 11.

Shown 1n FIG. 2 1s an example of the logical layers of the
hardware and soitware architecture of a computer system 10
that includes multiple virtual machines 17. Each wvirtual
machine 17 includes a guest operating system 18, and each
virtual machine 17 1s supported by an emulation program 14.
The same operating system may be installed in each virtual
machine 17. As an example, host operating system 12 may be
Microsoit Windows XP™, and the operating system of each
of the virtual machines may be Microsoft Windows NT™.,
Alternatively, variations of a single operating system may be
installed across each of the virtual machines 17. As an
example of this environment, host operating system 12 may
be Microsoit Windows XP™, while one or more of the virtual
machines runs one of the following operating systems: Win-

dows 3.x™ Windows 95™, Windows 98™ Windows MeT™,
Windows NT™_  Windows 2000™ MS-DOS™ [ 1nux,
BSD, OS/2™, or Novell Netware™, among other possible
operating systems. Each virtual machine 17 1s operationally
independent of the host operating system and the other virtual
machines. An operational failure in one of the wvirtual
machines will not atffect the operation of the host operating
system or the other virtual machines.

Emulation program 14 will present to the processor a
thread of executable code from each of the virtual machines.
A component of emulation program 14 1s virtual machine
meta-scheduler 15. Meta-scheduler 15 allocates processor
resources among the virtual machines 17 of the computer
system according to a proportional capacity policy, an abso-
lute capacity policy, or a blending of the two policies. A
proportional capacity scheduling policy involves the use of a
single dimensionless number that defines the weight of each
virtual machine. Meta-scheduler 15 adjusts the resource allo-
cation of each virtual machine on the basis of the weight of
every other virtual machine that 1s contending for processor
resources. The allocation of resources to a virtual machine 1s
determined by dividing the virtual machine’s proportional
weight by the sum of the proportional weights of all virtual
machines contending for processor resources. As an example
of proportional scheduling, 11 four compute bound virtual
machines, each with a proportional weight of 100, are con-
tending for processor resources, each virtual machine would
be apportioned 25% (100/400) of the available processor
resources. As a second example, 11 the first of four compute
bound virtual machines has a proportional weight of 200 and
the other three virtual machines have a proportional weight of
100, the first virtual machine will be granted 40% (200/3500)
ol processor resources and the other virtual machines will
cach be granted 20% (100/500) of processor resources.

The proportional capacity scheduling policy adjusts easily
to the introduction of new virtual machines. The computa-
tions required of the proportional scheduling policy are
dynamic, occurring whenever a virtual machine starts, shuts
down, pauses, or resumes. Computations are also performed
to accommodate adjustments in the proportional weight of a
virtual machine. The use of a proportional capacity schedul-
ing policy may, however, result 1n one or more virtual
machines falling below a minimum resource level. The pro-
portional capacity scheduling policy allocates processor
capacity according to a formula that operates without refer-
ence to the individual resource requirements of each virtual
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6

machine. As a result, depending on the presence and activity
of other virtual machines, a virtual machine may be allocated
a share of processor resources that 1s below its required mini-
mum resource level.

Access to processor resources can also be shared among
the virtual machines according to an absolute capacity policy,
in which a mimmum fractional capacity is assigned to each
virtual machine. As an example, 1n a computer system with
three virtual machines, the first machine may be assigned
capacity fraction of 50% and the other two virtual machines
may each be assigned a capacity fraction of 25%. If each of
the virtual machines were to become compute bound, each
virtual machine would receive its assigned fractional percent-
age. The reserve, or mimimum capacity, of each virtual
machine applies when the virtual machines of the computer
system become compute bound. In the above example, 1f one
of the three: virtual machines were to become 1dle while the
other two virtual machines were compute bound, the two
compute bound machines would share any processor
resources above their assigned minimum capacity fraction in
proportion to their assigned capacity fractions.

An absolute capacity policy of allocating processor
resources 1s advantageous because each virtual machine 1s
guaranteed a minimum level of access to processor resources
when the wvirtual machine 1s contending for processor
resources, even 1n those instances in which all wvirtual
machines have become compute bound. An absolute capacity
policy of scheduling processor resources, however, does not
accommodate the dynamic addition or removal of virtual
machines in the computer system. Because the capacity frac-
tion of each virtual machine must be entered manually, the
capacity fraction of one or all of the existing virtual machines
must be manipulated each time that a virtual machine 1s added
or removed from the computer system. In an absolute capac-
ity policy, the sum of the capacity fractions assigned to the
virtual machines of the computer system may be equal to or
less than 100%.

Often only one or a few of the virtual machines of the
computer system require a guarantee of a mimnimum level of
access to processor resources, while the other virtual
machines of the computer system are not as critical and there-
fore do not require a guarantee of a minimum level of pro-
cessor resources. A guaranteed proportional capacity sched-
uling policy mvolves assigning a proportional weight to all
virtual machines of the computer system and assigning a
guaranteed minimum capacity fraction to only the most criti-
cal of the virtual machines of the computer systems. A guar-
anteed proportional capacity scheduling policy 1s a hybrid of
a proportional capacity scheduling policy, in which each vir-
tual machine must be assigned a proportional weight, and an
absolute capacity scheduling policy, 1n which each virtual
machine 1s assigned a capacity fraction.

As an example of the operation of a guaranteed propor-
tional capacity scheduling policy, 1n a computer system hav-

ing four virtual machines, each 1s assigned a proportional
weight: Virtual Machine A (100), Virtual Machine B (100),

Virtual Machine C (100), and Virtual Machine D (100). Atthe
same time, the most critical virtual machines or virtual
machines, which 1n this example 1s Virtual Machine A, 1s
assigned a guaranteed {Iractional capacity of process
resources. In this example, Virtual Machine A 1s assigned a
guaranteed Iractional capacity of 40%. Meta-scheduler 135
first uses the proportional weight assigned to each virtual
machine to calculate a share of processor resources assigned
to each virtual machine, as 1f a proportional capacity sched-
uling policy were being employed. In this instance, each of
the virtual machines of the computer system 1s assigned to a
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25% weighting (100/400) of processor resources. Because
the percentage of processor resources assigned to Virtual
Machine A in this example 1s less than the guaranteed frac-
tional capacity of 40% of Virtual Machine A, the percentage
ol processor resources assigned to Virtual Machine A 1s set to
40%, the guaranteed fractional capacity of Virtual Machine
A. The remaining 60% of processor resources are divided
among the non-critical virtual machines according to their
respective proportional weights. As such, each of Virtual
Machine A, Virtual Machine B, and Virtual Machine C 1s
assigned one-third (100/300) of the remaining 60% of pro-
cessor resources, resulting in each of the non-critical virtual
machines being assigned 20% of processor resources. Thus,
if each of the virtual machines were to become compute
bound, Virtual Machine A would be granted 40% of processor
resources and each of the remaining virtual machines would
be granted 20% of processor resources.

A flow diagram of the method of assigning access proces-
sor resources according to a guaranteed proportional capacity
scheduling policy 1s shown 1n FIG. 3. At step 30, all virtual
machines are assigned a proportional weight. At step 32, only
those critical virtual machine that must operate with a mini-
mum of processor resources are assigned a guaranteed frac-
tional capacity. At step 34, the relative proportional weight of
cach critical virtual machine 1s compared with the each criti-
cal virtual machine’s assigned fractional capacity. For the
selected critical virtual machine, 1t 1s determined at step 36
whether the relative proportional weight of the wvirtual
machine 1s less than its assigned fractional capacity. It the
proportional weight of a virtual machine 1s not less than its
assigned fractional capacity, it 1s determined at step 38
whether the comparison of proportional weight versus
assigned fractional capacity has been made for all virtual
machines associated with an assigned fractional capacity. IT
such a comparison has not been made for all virtual machines,
the next critical virtual machine (i.e., a virtual machine having,
an assigned fractional capacity) 1s selected (step 40) and a
comparison 1s made of that critical virtual machines propor-
tional weight versus 1ts assigned fractional capacity (step 34
and step 36).

IT 1t 1s determined at step 36 that the proportional weight of
a critical virtual machine 1s less than 1ts assigned fractional
capacity, then the critical virtual machine 1s set to its assigned
mimmum fractional capacity and processing continues at step
38 with a determination of whether a comparison of propor-
tional weight versus assigned fractional capacity has been
made for all critical virtual machines. Once 1t1s determined at
step 38 that a comparison of proportional weight versus
assigned mimimum Iractional capacity has been made for all
virtual machines, 1t 1s determined at step 46 whether at least
one critical virtual machine has been allocated processor
resources according to its guaranteed fractional capacity. I
s0, then at step 48, the remaining processor capacity 1s shared
among all virtual machines not assigned to a guaranteed
fractional capacity on the basis of the respective proportional
weights. If none of the virtual machines of the computer
system has been assigned its guaranteed fractional capacity,
the virtual machines of the computer system share processor
resources according to their proportional weights.

Once the allocation of processor resources has been deter-
mined by one of the techniques described herein, meta-sched-
uler 15 modulates each virtual machine’s access to processor
resources according to the prescribed utilization goals and
mimmum access requirements described above. The utiliza-
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mum 1s the share of processor resources that must be provided
to that virtual machine. In particular, 1if multiple virtual
machines are contending for processor resources, meta-
scheduler 15 may pause each virtual machine for short peri-
ods to meet utilization goals or to enforce rules concerning
minimum access to processor resources. Pausing a virtual
machine may be effective 1n enforcing a cap or maximum on
a single virtual machine’s share of processor resources.

The meta-scheduler also performs the task of switching the
access to processor resources among the virtual machines.
Meta-scheduler must select an access ratio to modulate the
access ol each virtual machine to process resources. The
access ratio must be selected to minimize the overhead caused
by switching among the execution threads of the virtual
machines. As an example, a utilization goal of 5% could have
an access ratio of 5/100 or 1/20. The numerator of the access
ratio 1s chosen to be as small as possible, although the
numerator must be above a lower limit that 1s some factor of
the host operating system context switching time. The
numerator represents the minimum interval during which a
virtual machine is provided access to processor resources. As
an example, the context switching time for the virtual
machines of a computer system may be between 10 and 20
microseconds. This time includes the context switching time
of the host processor and the overhead associated with at least
two transitions between the guest computer system and the
host computer system. To achieve a switching overhead o1 1%
or less, and assuming a total context switching overhead of 20
microseconds, the minimum 1interval for access to processor
resources 1s 2000 microseconds, yielding an access ratio of
2000/40,000. The minimum 1nterval should not be greater
than a defined upper limit at which latency 1s not observed in
the operation of the virtual machines. This defined upper limit
may be, for example, 20 milliseconds.

The present invention 1s not limited 1n 1ts application to the
emulation of a particular computer system architecture, par-
ticularly the Intel 80X86 architecture. Rather, the emulation
technique disclosed. herein 1s applicable any time 1t 15 desir-
able to control the processor allocations of multiple instances
of software 1n a virtual or emulated computing environment.
It should be also understood that the mvention described
herein 1s not limited to the allocation of processor resources of
a computer system. Other resources of the computer system
could be allocated among the virtual machines of a computer
system. The techniques of the present mvention could be
employed in those 1nstances in which the host operating sys-
tem and the guest operating systems are variants within the
same family of operating systems Alternatively, the host oper-
ating systems and one or more of the guest operating systems
could be operating systems associated with different hard-
ware platforms.

Although the present invention has been described 1n
detail, 1t should be understood that various changes, substi-
tutions, and alterations can be made thereto without departing,
from the spirit and scope of the invention as defined by the
appended claims.

What 1s claimed 1s:

1. A method for sharing the processor resources of a host
computer system among multiple virtual machines emulated
on the host computer system, comprising:

determining whether to assign a mimmum first fractional

share of processor resources to each virtual machine;
assigning a proportional weight to each virtual machine;
determining, according to an allocation policy, the share of
processor resources to be allocated to each virtual
machine; and
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allocating to each virtual machine its share of processor
resources based on the assigned minimum {first frac-
tional share or the assigned proportional weight.

2. The method of claim 1, further comprising allocating,
processor resources according to a second fractional share
that 1s based on the proportional weight of each wvirtual
machine.

3. The method of claim 2, wherein:

the second fractional share 1s determined by dividing each

virtual machine’s proportional weight by the sum of the
proportional weights of all virtual machines.

4. The method of claim 1, further comprising allocating,
processor resources according to the minimum first fractional
share of processor resources assigned to each wvirtual
machine.

5. The method of claim 1, further comprising:

preparing a sum of the proportional weights of all virtual

machines:

calculating a second {fractional share of processor

resources allocated to each virtual machine by dividing
cach virtual machine’s proportional weight by the sum
of the proportional weights of all virtual machines;

for those virtual machines having an assigned minimum

first fractional share of processor resources, comparing
the mimmum first fractional share of processor
resources to the second fractional share of processor
resources; and

for those virtual machines having an assigned minimum

first fractional share of processor resources that 1s
greater than the second fractional share of processor
resources, allocating to each such virtual machine its
assigned minimum {irst fractional share of processor
resources.

6. The method of claim 1, further comprising pausing a
virtual machine for an interval such that the virtual machine 1s
provided 1ts determined share of processor resources.

7. The method of claim 1, further comprising switching the
access of each virtual machine to processor resources accord-
ing to an access ratio.

8. The method of claim 7, wherein the access ratio 1s
chosen such that the minimum interval during which a virtual
machine has access to processor resources 1s (a) some time
that 1s sufficiently longer than the time required to switch
access between virtual machines and (b) less than the time at
which latency 1s observed in the operation of the virtual
machines.

9. The method of claim 8, wherein the minimum interval 1s
at least 100 times longer than the time required to switch
access between virtual machines.

10. A method for sharing the resources of a host computer
system among multiple virtual machines emulated on the host
computer system, comprising:

assigning a proportional weight to each virtual machine;

calculating a share of resources for each virtual machine;

for at least one of the virtual machines, comparing the
calculated share of resources to a reserve share associ-
ated with the virtual machine; and
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i1, for any virtual machine, the reserve share of resources 1s
greater than the calculated share of resources, assigning
the reserve share of resources to the virtual machine.
11. The method of claim 10, further comprising calculating
the share of resources on the basis of the proportional weight
assigned to each virtual machine.

12. The method of claim 11, further comprising comparing
the calculated share to a reserve share of resources for those
virtual machines requiring access to a mimmimum share of
resources.

13. The method of claim 12, further comprising apportion-
ing the share of resources not assigned to virtual machines
requiring access to a minimum share of resources among all
other virtual machines according to the proportional weight
of all other virtual machines.

14. The method of claim 13, wherein the resources of the
host computer system to be shared are processor resources.

15. A method for sharing the processor resources of a host
computer system among multiple virtual machines on the
host computer system, comprising:

assigning a proportional weight to each virtual machine;

calculating a share of processor resources to be appor-

tioned to each virtual machine of the computer system
on the basis of the relative proportional weight of all of
the virtual machines of the computer system;

for those virtual machines having a reserved minimum

share of processor resources, determining whether the
reserved minmimum share of processor resources of each
1s greater than the share of processor resources appor-
tioned to the virtual machine on the basis of the relative
proportional weight of all the virtual machines of the
computer system; and

for those virtual machines having a reserved minimum

share of processorresources that is greater than the share
of processor resources apportioned to the virtual
machine on the basis of the relative proportional weight
of all the virtual machines of the computer system,
assigning to such virtual machine its reserved minimum
share of processor resources as its share ol processor
resources.

16. The method of claim 15, further comprising:

i1 at least one virtual machine has been assigned its

reserved minimum share of processor resources as its
share of processor resources, apportionming the processor
resources not assigned as reserve minimum shares of
processor resources among those processors not having
been assigned a reserved minimum share of processor
resources.

17. The method of claam 16, wherein the processor
resources not assigned as reserve minimum shares of proces-
sor resources are apportioned according to the relative pro-
portional weight of those processors not having been
assigned a reserved minimum share of processor resources.
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